In each of two experiments, 70 crossbred steers were blocked by BW and assigned to initial slaughter groups or to treatments in a 2 x 2 design. In Exp. 1, treatments were 168 d of photoperiod (8 h 
Introduction
Compared with short days (<12 h of light [L]/d), long-day photoperiods of 16 h of L and 8 h of dark (D) stimulate BW gain and carcass protein in peripubertal heifers (Peters et al., 1978; Petitclerc et al., 1983 Petitclerc et al., , 1984 . In contrast, heifers fed high-energy diets gained more BW and carcass fat when exposed to short days (Zinn et al., 1986b) . Photoperiod altered body growth in peripubertal bulls but not in prepubertal bulls or steers (Roche and Boland, 1980; Tucker et al., 1984) . Thus, photoperiodinduced changes in growth may be dependent on gonadal steroids. However, in our studies with steers, energy intake was not controlled; in our studies and those of Roche and Boland (1980) , photoperiod-induced changes in carcass composition were not determined. Thus, a study was conducted to determine the interactive effects of photoperiod and plane of nutrition on growth rate and carcass composition in steers. In a second study, the objective was to determine effects of photoperiod on growth and carcass composition in steers implanted with estradiol and progesterone (Synovex-SS). CDiet contained calculated values of 12.1% CP and 2.5 Mcal ME/kg and 49% DM. dContained a minimum of 44% CP, 1.5% crude fat, 1.3% P, 26,000 IU vitamin A/kg, 4,000 IU vitamin D3/kg, a maximum of 9% crude fiber, 10% non-protein N and a minimum of 2.7% and maximum of 3.3% Ca.
Materials and Methods
eContained a minimum of 44% CP, 1.5% P, 3.1% Ca, 33,000 IU vitamin A/kg, 11,000 IU vitamin D3/kg and a maximum of 10% ADF. kg) into seven blocks of 10 animals. Within each block, two steers were assigned randomly to pretreatment slaughter to obtain an estimate of initial carcass composition (n = 14) or to one of four treatment groups in a 2 x 2 factorial experiment (n = 14/treatment). Main effects were daily photoperiod (16L:SD vs 8L: 16D) and plane of nutrition (high energy [HPNI vs low energy [LPN] ).
Animals were housed unrestrained in lightcontrolled pens (14 animals/pen; one pen/ treatment) in an unheated enclosed barn from November to June. Light source was coolwhite fluorescent tubes (F96T12/CW/HO) 6. In all pens, lights were switched on gradually (over 30 rain) at dawn, beginning at 0700 (Zinn et al., 1988) . Over'the 30 min, light intensity gradually increased to 200 Ix (measured approximately 1.2 m above the floor at 16 locations in each pen). At dusk, transitions in light intensity were reversed beginning 30 min before lights out in each pen (Zinn et al., 1988) .
Diet for HPN (Table 1) was available freechoice and formulated to achieve an ADG > 1.1 kg. Energy intake averaged 22.1 Mcal ME.head-t.d -t. Diet for LPN (Table 1) was formulated to achieve an ADG of .9 kg. To avoid differences in feed consumption between LPN groups, daily feed intake/group was restricted (no feed refusals) and identical such that average energy intake was 13.3 Mcal of 6General Electric, Cleveland, OH. ME.head-t.d -t. All groups were given fresh feed once per day at 0730.
To accustom steers to housing facilities, from d -60 to d -1, steers were exposed to a photoperiod of 24L:0D and fed corn silage and long hay ad libitum. Five weeks later (d -23 to -21), steers were weighed and assigned to treatments. To ensure that all steers were consuming the experimental diets at the start of photoperiod treatment, steers were acclimated gradually to experimental diets beginning on d -21. Steers were weighed (d -3 to -1) to determine initial BW. Photoperiod treatments began on January 11 (d 0) and continued for 168 d. Steers were weighed for three consecutive days approximately every 4 wk.
Steers were weighed (d 165 to 167) before slaughter to establish final BW. The next day (d 168) at 0900 steers were transported to an abattoir and slaughter began at 1300. (Steers in the initial slaughter group were treated similarly.) Each carcass was weighed and held overnight at 0 to 4~ The 9-10-11 rib section (RIB) from the right side of each carcass was dissected according to the method of Hankins and Howe (1946) . The 9-10-11 Rib section was weighed and deboned and the soft tissue was ground and subsampled for determination of lipid and protein content (AOAC, 1965) . Accretion rates of protein and fat in the carcass were estimated using the equations of Hankins and Howe (1946) .
On d -23, 66 and 154, five steers from each treatment were fitted with a polyvinyl cannula in a jugular vein. The next day, blood was collected and discarded every 20 min from 0800 to 1340 to accustom steers to blood sampling procedures. Beginning at 1400, blood samples were taken every 20 min for 8 h. Blood samples were stored overnight at 4~ Samples were centrifuged and the sera were decanted and stored frozen at -20"C until assayed for prolactin (PRL) (Koprowski and Tucker, 1971) , GH (see Appendix) and INS (Villa-Godoy et al., unpublished data) . Using a pulse analysis program, pulsar (Merriam and Wachter, 1982) characteristics of PRL, GH and insulin (INS) in serum (including overall means, smoothed baseline, pulse frequency and pulse amplitude) were determined.
Body weight gains and hormone data were analyzed by ANOVA with repeated measurement (Gill and Hafs, 1971) . Treatment differences in BW gains were compared by the Bonferroni t procedure for non-orthogonal contrasts (Gill, 1986) . Carcass data and characteristics of hormones were analyzed by ANOVA and differences between means were determined by the Bonferroni t procedure (Gill, 1986) . Three animals (one steer each from HPN-16L:8D, HPN-8L:16D and LPN-8L:16D) were removed from the experiment for health reasons; data from these steers were excluded.
Experiment 2. Seventy Simmental-cross steers were arranged by initial BW (292 + 5.9 kg) on d -1 into seven blocks of 10 animals. Within each block, two steers were randomly assigned to pretreatment slaughter group to obtain an estimate of initial carcass composition (n = 14) or to one of four treatment groups in a 2 x 2 factorial experiment. Main effects were daily photoperiod (16L:SD vs 8L:16D) dures at slaughter and tissue dissection and analysis were as in Exp. 1. On d 92 of treatment, five steers from each treatment were fitted with a polyvinyl cannula in a jugular vein. The next day blood was collected and discarded every 30 min from 0700 to 0930, to accustom steers to sampling procedures. Beginning at 1000 blood samples were taken every 30 min for 10 h. Sera were collected, stored and analyzed for PRL, GH and INS as in Exp. 1. Statistical analyses of BW, carcass composition and serum hormone concentrations and characteristics were executed as in Exp. 1. and presence (IMP) or absence (NONIMP) of a Synovex-S implant.
Housing, lighting and feeding were as described in Exp. 1. Diet for steers in Exp. 2 (Table 1) was available ad libitum and formulated to achieve an ADG >1.1 kg.
To accustom steers to housing facilities, from d -60 to d -1 steers were exposed to a photoperiod of 24L:OD and fed corn silage and long hay ad libitum. To ensure that steers were consuming the experimental diet at the start of photoperiod treatment, steers were acclimated gradually to the experimental diet beginning on d -21. Figure  1 ). Body weight gain was 28% greater (P < .01) in HPN than in LPN steers. There was no effect (P > .10) of photoperiod or interaction between photoperiod and plane of nutrition on BW gain.
Feed Intake. Feed intake for the entire experiment averaged (+ SE) 7.5 + .3, 7.6 + .3, 6.0 + .9 and 6.0 + .9 kg DM.head-].d -x in HPN-16L:8D, HPN-8L:16D, LPN-16L:8D and LPN-8L:16D, respectively. By design, HPN steers consumed more feed than LPN steers. However, there was no effect of photoperiod on feed intake (P > .10).
Carcass Composition. Carcass weights of HPN steers were 26% greater (P < .01; Table  2 ) than those of LPN steers. In addition, percentage of fat in RIB and accretion of carcass fat were 43% and 109% greater (P < .01), respectively, in HPN than in LPN steers ( Table 2) . Percentage of protein in RIB was 21% greater (P < .05) but accretion of carcass protein was 19% lower (P < .05) in LPN than in HPN steers (Table 2) . However, there was no effect of photoperiod and no interaction between photoperiod and plane of nutrition on carcass weight, percentage of fat or protein in Hankins and Howe (1946) . dMeans of implant vs nonimplant within a row differ (P<.01).
RIB or carcass accretion of fat or protein (Table 2) . Serum Growth Hormone, Insulin and Prolactin. There was no effect of photoperiod on overall average concentrations of GH (P > .10; Figure 2A ), nor was there an effect of photoperiod on smoothed baseline or frequency or amplitude of GH pulses. Growth hormone on d -22, 67 and 155 averaged 4.7, 2.9 and 2.1 ng/ml and 3.6, 3.2 and 3.7 ng/ml in steers fed HPN and LPN, respectively ( Figure  2B ). There was no effect of plane of nutrition on overall average concentrations of GH, but there was a nutrition x day of sampling interaction (P < .05) such that across the 3 d of sampling, average concentrations of GH declined (P < .05) in HPN steers. However, there was no change over time (P > .10) in concentrations of GH in LPN steers; thus, on d 155 GH was greater (P < .05) in LPN than in HPN steers. From d -22 to d 155 in HPN steers, there was a decline (P < .05) in smoothed baseline (3.4 to 1.8 ng/ml) and amplitude of GH pulses (12.2 to 2.0 ng/ml) but no change in frequency of GH pulses (1.5 to .7/8 h). In LPN steers, from d -22 to d 155 there was no change in smoothed baseline (2.3 to 2.9 ng/ml) or in amplitude (8.7 to 5.5 ng/ml) or frequency (1.6 to 1.4/8 h) of GH pulses.
There was no effect of photoperiod (P > .10; Figure 2A Figure  3 ). Body weight gain was 12% greater (P < .01) in IMP than in NONIMP steers. There was no effect of photoperiod (P > .10) in IMP or NONIMP steers, nor was there an interaction between photoperiod and implant on BW gains. There was no effect of photoperiod or implant on feed intake (P > .10).
Carcass Composition. Accretion of carcass protein was increased by 16% (P < .01) in IMP compared with NONIMP steers (Table 3) . However, percentage of protein in RIB, carcass weight, percentage or accretion of fat did not differ between IMP and NONIMP steers (Table 3) . Photoperiod did not affect (P > .10) any carcass characteristic (Table 3 ). In addition, there was no interaction between photoperiod and implant.
Serum Growth Hormone, Insulin and Prolactin. There was no difference between exposure to 16L:8D and 8L:16D (P > .10) on overall average GH (3.0 vs 2.6 ng/ml), smoothed baseline GH or frequency and amplitude of GH pulses. However, IMP increased (P < .05) GH compared with NONIMP (3.2 vs 2.3 ng/ml). Relative to NONIMP, IMP increased (P < .05) frequency (.7 vs 1.8/10 h) and amplitude (2.5 vs 5.4 ng/ ml) of GH pulses but did not affect (P > .10) smoothed baseline (2.0 vs 2.2 ng/ml).
There was no difference (P > .10) between exposure to 16L:8D and 8L:16D (P > .10) on average INS (.53 vs .61 ng/ml) or smoothed baseline INS or frequency or amplitude of INS pulses. However, relative to NONIMP, IMP increased (P < .05) average (.46 vs .68 ng/ml) and smoothed baseline (.45 vs .66 ng/ml) INS but did not affect (P > .10) frequency or amplitude of INS pulses.
Exposure to 8L:16D increased (P < .05) overall average PRL (63.6 vs 41.9 ng/ml) and smoothed baseline PRL (58.3 vs 37.3 ng/ml) compared with 16L:8D, but photoperiod did not affect frequency or amplitude of PRL pulses. There was no effect (P > .10) of implant on any characteristic of serum PRL.
There was no interaction between photoperiod and implant on any characteristic of GH, INS or PRL.
Discussion
In the present study, there was no photoperiod-induced change in BW gain or carcass composition in crossbred steers regardless of plane of nutrition or steroid implantation. The failure of photoperiod to affect BW gains in steers is in agreement with previous reports (Roche and Boland, 1980; . In contrast, relative to 8L:16D, exposure to 16L:8D has increased BW gain in gonadally intact heifers (Peters et al., 1978 (Peters et al., , 1980 Petitclerc et al., 1983 Petitclerc et al., , 1984 and in bulls . Thus, in contrast to sheep (Schanbacher and Crouse, 1980) , photoperiod-induced changes in body growth and carcass composition in cattle are gonaddependent.
Average daily gains of steers in Exp. 2 were greater than in Exp. 1. However, confounding effects of year of experiment and possible differences in genetic potential of steers and source and quality of feed make it impossible to draw valid comparisons on the differences in ADG by steers in the two experiments.
As expected, HPN increased BW and carcass weight. In agreement with Prior et al. (1977) and Ferrell et aI. (1978) , following adjustment for differences in carcass weight, HPN steers gained more fat than LPN steers. However, in contrast to sheep (Forbes et al., 1979) and heifers (Petitclerc et al., 1983, t984) , there was no interaction between plane of nutrition and photoperiod in steers. Thus, steers did not respond to photoperiod in terms of BW gain or carcass composition at either of the two levels of dietary intake tested.
In agreement with Rumsey (1978) and Byers and Klosterman (1979) , Synovex-S increased growth rate and accretion of protein in the current study. However, presence of the implant did not alter the response of steers to photoperiod. One possible explanation is that the combination implant of estradiol and progesterone is not an appropriate physiological replacement therapy for castration. Because exposure to photoperiod influences BW gains in bulls , perhaps implants of testosterone would permit steers to respond to photoperiod. A second possible explanation for the failure of Synovex-S to alter the response of steers to photoperiod is the stage of growth at slaughter. Implanted steers averaged 27.3% carcass fat and 468 kg BW at slaughter. Thus, steers in the current study were in an early stage of fattening (Schroeder, 1987) . Because photoperiod primarily induces changes in accretion of fat in postpubertal heifers (Zinn et al., 1986b) , if steers were in a later stage of fattening, photoperiod may have induced changes in accretion of fat in IMP steers. The early stage of fattening at slaughter and failure to reimplant at 90-d intervals also may account for the failure of Synovex-S in the current study to reduce accretion of fat as reported previously (Byers and Klosterman, 1979) . A third alternative explanation for the lack of photoperiod effect in steers implanted with gonadal steroids in the current study is the breed of cattle utilized. In previous trials in which photoperiod induced changes in growth, Holsteins (heifers and bulls) were utilized (Peters et al., 1978 (Peters et al., , 1980 Petitclerc et al., 1983 Petitclerc et al., , 1984 Tucker et al., 1984; Zinn et al., 1986a,b) , whereas Simmental-cross steers were utilized in current studies. Whether breed of cattle affects the response of growth to photoperiod is unknown.
Elevated concentrations of GH in LPN steers compared with HPN steers supports data of Sejrsen et al. (1983) and Villa-Godoy et al. (unpublished data) . In the current study, differences in concentrations of GH between I-IPN and LPN steers were associated with reduced smoothed baseline amplitude of GH pulses over time in HPN steers but no change in GH over time in LPN steers.
In agreement with Davis et al. (1984) , IMP steers had greater average concentrations of GH than NONIMP steers in the current study. The elevated GH in IMP steers was due to increased frequency and amplitude of GH pulses.
Results of Exp. 1, but not of Exp. 2, are in agreement with previous results (Purchas et al., 1970 (Purchas et al., , 1971 showing that concentrations of serum GH were negatively associated with growth rate. For example, in Exp. 1, HPN steers had greater ADG but lower concentrations of GH, whereas in Exp. 2, IMP steers had greater ADG and higher concentrations of GH.
Concentrations of GH appear to be negatively associated with carcass fat but positively associated with carcass muscle (Trenkle and Topel, 1978) . Indeed, in each experiment in the present study, steers with greater fat accretion (HPN, Exp. 1) had lower concentrations of GH and steers with greater daily accretion of protein (IMP, Exp. 2) had greater concentrations of GH. This difference in composition of gain may be associated with the differences in GH relative to ADG between Exp. 1 and Exp. 2.
In agreement with previous research (Leining et al., 1980; Peters et al., 1980; Petitclerc et al., 1983; Zinn et al., 1986a) , photoperiod did not influence any characteristic of serum GH.
In agreement with previous research with lambs (Forbes et al., 1979) and heifers (Sejrsen et al., 1983) , concentrations of insulin were greater in HPN than in LPN steers. Increased INS in response to Synovex-S implant was similar to responses observed in steers implanted with estradiol (Trenkle, 1970) .
Photoperiod did not influence serum concentrations of INS in Exp. 1 or Exp. 2, which supports the results of Forbes et al. (1979) and Leining et al. (1980) . Plane of nutrition or implant did not affect any characteristic of serum PRL. In contrast, Sejrsen et al. (1983) and Petitclerc et al. (1983) reported that HPN increased serum concentrations of PRL. These differences may be associated with differences in breed (Holstein vs beef crossbreds) or sex (postpubertal heifers vs steers) between their studies and the current study.
Exposure to 16L:8D previously has increased concentrations of PRL relative to exposure to 8L:16D in prepubertal bulls (Bourne and Tucker, 1975; Leining et al., 1979; Stanisiewski et al., 1984) and steers (Stanisiewski et al., 1987) . In contrast, photoperiod did not influence concentrations of PRL in Exp. 1, and exposure to 8L:16D increased PRL relative to exposure to 16L:8D (Exp. 2). Prolactin was determined in serum samples collected after 8 wk (Exp. 1) or 12 wk (Exp. 2) of exposure to treatment. However, photoperiod-induced changes in PRL secretion are maintained for only 6 to 12 wk, after which cattle become refractory to photoperiod (Stanisiewski et al., 1987) . Perhaps secretion of PRL in steers in the current study already may have become refractory to long-day photoperiods (Exp. 1) or 16L:8D may have become inhibitory (Exp. 2).
We conclude from these data that photoperiod does not alter BW gain in and carcass composition of beef steers with two levels of dietary energy intake or with implantation with Synovex-S.
